This is the summary report of the "Indirect Investigations of SUSY" subgroup of the P3 Physics Group at Snowmass 2001.
Introduction
In this report we consider indirect probes of supersymmetry (SUSY). Following our charge, we will review the current experimental status and discuss possible levels of improvements in various measurements sensitive to supersymmetry through either virtual or astrophysics effects. We mention the upcoming experiments which are likely to achieve such precision, and outline which theoretical models and ideas can be tested by those experiments.
Since it is impossible to give a detailed review of every single topic here, we have limited our discussion to a few representative topics which were studied either at Snowmass or since then. A large fraction of this report is based on the individual written contributions [1, 2, 3, 4, 5, 6] to our subgroup as well as talks presented at Snowmass.
In Section 2 we discuss the implications of the recent g µ − 2 measurement (and its possible improvements) for supersymmetry. In Section 3 we review searches for CP violation and Section 4 deals with lepton-flavor violation (LFV). Section 5 is devoted to the future of B-physics. In Section 6 (7) we discuss direct (indirect) searches for supersymmetric dark matter. We summarize and present our conclusions in Section 8.
Anomalous Magnetic Moment of the Muon
Undoubtedly, among the most exciting news of the year was the announcement of the new measurement of the muon anomaly at Brookhaven [7] . The muon anomalous magnetic moment a µ was reported 1 to differ from the Standard Model (SM) prediction by 2.6σ
which is about three times larger than the Standard Model's electroweak contribution [16] . Deviations of roughly this order are expected in many models motivated by attempts to understand electroweak symmetry breaking. A supersymmetric interpretation is particularly attractive, since supersymmetry naturally provides electroweak scale contributions that are easily enhanced (by large tan β) to produce deviations of the required magnitude. In addition, a µ is both flavor-and CP -conserving. Thus, while the impact of supersymmetry on other low energy observables (see sections 3 and 4) can be highly suppressed by scalar degeneracy or small CP -violating phases, supersymmetric contributions to a µ are generic.
Supersymmetric contributions to a µ have been explored for many years [17, 18, 19, 20, 21, 22, 23, 24, 25, 26] . Following the recent a µ result, the implications for supersymmetry have been considered in numerous studies [27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52] . The most significant consequence is that at least two superpartners cannot decouple, if supersymmetry is to explain the deviation, and one of these must be charged and so observable at colliders. Non-vanishing a SUSY µ thus imply upper bounds on the mass M LOSP of the lightest observable superpartner. Fig. 1 shows the results from a series of high statistics scans in the relevant supersymmetric parameter space, consistent with slepton-flavor conservation: M 1 , M 2 , µ, tan β, mμ L , mμ R , and A µ . (For more details, see Ref. [27] .) The points are obtained by assuming gaugino mass unification M 1 = M 2 /2, fixing A µ = 0 and tan β = 50, and scanning over the remaining parameters up to 2.5 TeV. Collider bounds from supersymmetry searches are enforced and a neutral LSP is assumed. Relaxing the gaugino unification assumption leads to possibilities bounded by the solid curve. Finally, allowing any A µ in the interval [−100 TeV, 100 TeV] extends the envelope curve to the dashed contour of Fig. 1 . The envelope contours scale linearly with tan β to excellent approximation.
From Fig. 1 we see that the measured deviation in a µ is in the range accessible to supersymmetric theories and is easily explained by supersymmetric effects. The case where the LSP decays visibly in collider detectors yields even lower bounds, and is examined in Ref. [27] .
Such model-independent upper bounds have many implications. They improve the prospects for observation of weakly-interacting superpartners at the Tevatron and LHC. They also impact linear colliders: for reference, the discovery reach of linear colliders with √ s = 500 GeV and 1 TeV are given in Fig. 1 . In this highly model-independent framework, an observable supersymmetry signal is very probable at a 1.2 TeV linear collider; the expected improvements in a µ measurements may significantly strengthen such conclusions. (The ultimate target of the BNL experiment is an experimental error of 4 × 10 −10 .) Finally, these bounds provide fresh impetus for searches for lepton-flavor violation, which is also mediated by sleptons and charginos/neutralinos [45, 53] .
Turning now to specific models, we first consider the framework of minimal supergravity, which is completely specified by four continuous parameters and one binary choice: m 0 , M 1/2 , A 0 , tan β, and sign(µ). The first three are the universal scalar, gaugino, and trilinear coupling masses at the grand unified theory scale M GUT 2 × 10 16 GeV.
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< 0 [55, 56] , in contrast to the observed deviation. The dependence of this argument on the characteristic gaugino mass relations of anomaly mediation suggests that similar conclusions will remain valid beyond the minimal model.
In summary, the recently reported deviation in a µ is easily accommodated in supersymmetric models. Its value provides model-independent upper bounds on masses of observable superpartners and already discriminates between well-motivated models.
CP Violation
CP violation is among the least understood phenomena in the Standard Model. At present, CP violation is observed in only a small number of processes, such as in Kaon and B-meson mixing and decays. This can be accommodated through the single phase that appears in the CKM matrix. However, the CKM phase is not the only parameter that can lead to CP violation in the SM. The QCD θ term,
where G is the gluon field strength andG is its dual, also leads to CP violation, and indeed there are very strong constraints on this from limits on the electric dipole moment of the neutron (and mercury). Furthermore, CP violation is an essential ingredient of almost all attempts to explain the matter-antimatter asymmetry of the universe [57] , yet the amount of CP violation present in the CKM matrix is insufficient to explain the observed asymmetry [58, 59, 60, 61] . Hence, searches for CP violation beyond the CKM matrix are an important probe into physics beyond the Standard Model. Electric dipole moments (EDMs) violate both parity (P) and time reversal (T) invariance. If CPT is assumed to be an unbroken symmetry, a permanent EDM is, then, a signature of CP violation. A non-vanishing permanent EDM has not been measured for any of the known elementary particles. In the Standard Model, EDMs are generated only at the multi-loop level and are predicted to be many orders of magnitude below the sensitivity of foreseeable experiments [62, 63] . A non-vanishing EDM, therefore, would be unambiguous evidence for CP violation beyond the CKM matrix, and searches for permanent EDMs of fundamental particles are powerful probes of extensions of the Standard Model. In fact, current EDM bounds are already some of the most stringent constraints on new physics, and they are highly complementary to many other low energy constraints, since they require CP violation, but not flavor violation. In this Section we review the experimental prospects for the EDMs of various systems, and the implications for supersymmetry.
Experimental limits on EDMs
First, we summarize the current experimental bounds on EDMs and briefly mention future prospects. For the electron EDM, the current bound is [64] d e < 4 × 10 −27 e cm ,
although a new result was recently informally announced, d e < 1.5×10 −27 e cm [65] . It is unlikely significant further improvements can be expected due to stray magnetic fields. A new approach
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for the electron is a YbF molecule method [66] that could allow getting down to the 10 −30 level within a decade [67] . The best current bound with this method is about an order of magnitude weaker than the bound quoted above.
For the neutron EDM, the current bound is [68] 
and the expectation is to strengthen the limit down to 10 −26 by 2004 [67] . By 2012 the goal is to reach the 10 −28 e cm level using a cryogenic apparatus. For 199 Hg atom EDM (Schiff moment), the current bound is [69] d Hg < 2.1 × 10 −28 e cm ,
from a 2001 analysis. There may be hope to improve this by another factor of two, although the systematic errors will need to be carefully investigated.
Supersymmetric effects
In the most general flavor non-preserving MSSM, there are over 40 new complex phases [70] . New complex phases arise, for example, in the Higgs mixing mass µ, as well as in the soft SUSYbreaking terms in the Lagrangian: the trilinear scalar mixing masses, the bilinear Higgs mixing parameter, and the gaugino mass parameters. Not all of these phases are physical, however, and many may be removed by field redefinitions.
In a wide range of supersymmetric models, these CP phases are expected to be O(1) [71] . Phases of this size lead to an EDM of the electron, neutron, and mercury atom that are significantly larger that experimental bounds. There are several possible ways to avoid these experimental constraints, with varying degrees of simplicity and naturalness. One solution is to simply take the phases to be small, of order 10 −3 is sufficient [72, 73] . Another possibility is to allow arbitrary phases, but push (at least some of) the sparticle masses to the multi-TeV region which suppresses the supersymmetric contribution [74, 75, 76, 77] . Embedding supersymmetry in a left-right symmetric framework can also suppress the phases [78] . Finally, it is possible that large phases are permitted due to cancellations that conspire to render the SUSY contributions to EDMs below the experimental limits [79, 80] .
The dominant contributions to the lepton EDMs arise from the one-loop chargino and one-loop neutralino graphs. For the neutron EDM, important contributions also arise from one-loop gluino graphs and two-loop stop-top and sbottom-bottom graphs. The operators that contribute are the electric dipole operator
the chromoelectric dipole operator
and the purely gluonic dim-6 operator
In extracting the effects of the chromoelectric and the purely gluonic operators, one can use naive dimensional analysis to relate [81] 
where η C η G ∼ 3.4 and M = 1.19 GeV is the chiral symmetry breaking scale. The neutron EDM d n is estimated using the SU(6) quark model [81] d n = (
(For an update using QCD sum rules, see [82] .)
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The EDM of 199 Hg arises from the T-odd nucleon-nucleon interaction in supersymmetry [83] , induced mainly from the color operators with light quarks. This interaction gives rise to an EDM of the mercury atom by inducing the Schiff moment of the mercury nucleus. The QCD uncertainties related to this calculation are actually smaller than for the case of the neutron EDM. This interaction can be calculated in terms of the MSSM phases, with the result that there are somewhat better limits using mercury EDM than the electron EDM [83] .
In fact, using the combination of the electron, neutron, and mercury EDM constraints severely limits the size of phases in the MSSM. Although this cannot be done in general (due to the large number of parameters), some information can be gleaned from a more restricted, 15-parameter MSSM. If we do not require gaugino mass unification at the scale where the gauge couplings intersect, then there are two independent phases in the gaugino masses since one can be made real by a U(1) R rotation. The 15-parameter MSSM considered by Ref. [84] consists of the phases in M 1 , M 3 , A d , A u , A e , A t , and µ, as well as the real quantities tan β, the gaugino masses, a common scalar trilinear coupling, |µ|, and the sfermions masses mẽ R , mμ R . These parameters were sampled using a Monte Carlo scan of nearly 10 9 sets of parameters, and the remaining solutions satisfying all collider bounds plus the three EDM constraints were found. The results are illustrated in Fig. 2 , in which the bounds on the phases of µ, M 1 , and M 3 are shown. Notice that the constraint on arg(µ) is strengthened significantly as tan β is increased. Furthermore, while there are lightly populated diagonal bands in [arg(µ),arg(M 1,2 )] space representing cancellations between diagrams, these regions suffer from larger fine-tuning and/or are (borderline) excluded by the Higgs mass limit. Clearly the parameter space is rather strongly constrained when all experimental constraints are applied and some lower bound on fine-tuning is imposed.
Finally, it is interesting to note that the operator giving rise to the electron EDM is similar to the operator for g − 2, and this similarity can be utilized to find relations between these phenomena. In particular, assuming the BNL discrepancy is explained by supersymmetry, the phase of the electric dipole operator of the electron can be shown to be less than 2 × 10 −3 [53] .
EDM of the Muon
The field of precision muon physics will be transformed in the next few years. The EDM of the muon d µ is, therefore, of special interest. A new BNL experiment [85] has been proposed to measure the muon EDM at the level of
more than five orders of magnitude below the current bound [86] 
and even higher precision might be attainable at a future neutrino factory complex [87] . The interest in the muon EDM is further heightened by the recent measurement (1) of the muon magnetic-dipole moment (MDM) [7] . The EDM and MDM arise from similar operators, and this tentative evidence for a non-Standard Model contribution to a µ also motivates the search for the muon EDM [88] . In fact, the deviation of Eq. (1) may be partially, or even entirely attributed to a muon EDM [88] ! This is because in modern experiments the muon MDM is deduced by measuring (the magnitude of) the muon spin precession frequency in a perpendicular and uniform magnetic field. However, the spin precession frequency receives contributions from both the MDM and the EDM. For a muon traveling with velocity β perpendicular to both a magnetic field B and an electric field E , the anomalous spin precession vector is
In recent experiments, the last term is removed by running at the 'magic' γ ≈ 29.3, and the third term is negligible. For highly relativistic muons with | β | ≈ 1, then, the anomalous precession frequency is found from [86] are also given. It is evident from the figure that a large fraction of the region allowed by both the current a µ measurement (1) and the d µ bound (11) is already within the sensitivity of phase I of the newly proposed experiment (with sensitivity ∼ 10 −22 e cm). The proposed dedicated muon EDM experiment will use a different setup, by applying a constant radial electric field. In that case a similar EDM ↔ MDM ambiguity is present [1], and can be resolved by up-down asymmetry measurements.
It is useful to write the new physics contributions to the EDM and MDM operators as
with A ≡ |A|e iφ CP . This defines an experimentally measurable quantity φ CP which quantifies the amount of CP violation in the new physics, independently of its energy scale. Upon eliminating |A|, one finds . Furthermore, in specific supersymmetric models it is difficult to achieve values of d µ large enough to affect the conventional interpretation of (1). For example, in supersymmetry, assuming flavor conservation and taking extreme values of sparticle masses (∼ 100 GeV) and tan β (tan β ∼ 50) to maximize the effect, the largest possible value of a µ is a max µ ∼ 10 −7 [27] . Very roughly, one therefore expects a maximal d µ only of order (e /2m µ c)a max µ ∼ 10 −20 e cm in supersymmetry. Similar conclusions hold for specific models as well [89] .
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Simplest models relate the EDMs of the electron and muon by 'naive scaling':
Given the current published bound on the electron EDM, 'naive scaling' limits the muon EDM as
at the 90% CL, barely below the sensitivity of (10). Naive scaling must be violated if a non-vanishing d µ is to be observable at the proposed experiment, and this may happen in one of three ways:
• Departure from scalar degeneracy, i.e. generation-dependent slepton masses [88] .
• Departure from proportionality, i.e. the A terms do not scale with the corresponding fermion mass [90] .
• Flavor violation, i.e. non-vanishing flavor off-diagonal elements for the sfermion masses and the A-terms [53, 88] .
Such multitude of possibilities provides sufficient motivation and relatively good prospects for a dedicated muon EDM experiment.
Lepton Flavor Violation
One of the most powerful probes of low energy supersymmetry are the precise measurements and limits on flavor-violating processes. In the squark sector, for example, the smallness of K 0 ↔ K 0 mixing either requires tiny off-diagonal squark (mass) 2 elements, or pushes supersymmetry to embarrassingly high scales ∼ O(100 TeV) [91, 92, 93] . Similarly strong constraints are also present for certain elements in the slepton mass matrix. Here, we discuss a few of the strongest constraints from limits on rare µ → e processes.
Experimental status
There are also several experimental probes that tightly constrain lepton-flavor violation. The strongest constraints arise from the rare µ → e processes: µ → eγ, µ → 3e, and µ → e conversion. The current bounds on these processes are BR(µ → eγ) < 1.2 × 10 −11 [94] BR(µ → 3e) < 1.0 × 10 −12 [95] BR(µ → e conversion) < ∼ 2 × 10 −12 [96] , with the precise bound on µ → e conversion dependent on the particular host scattering nucleus. Improvements to these bounds are on the horizon. At PSI, there is a proposal to improve the limit on µ → eγ down to 10 −14 [97] , which is likely to get at least to the level of a few ×10 −13 , since PSI has a ×20 advantage over LAMPF in duty cycle and the planned detector is probably at least as capable as that of MEGA (the previous experiment). This experiment could possibly be pursued further at BNL, since a very intense muon beam will be built for another experiment.
There is also a detailed proposal by MECO [98] to improve the limit on µ → e conversion down to order 10 −16 at the BNL AGS. No other facility can compete at the moment, but toward the end of the decade the Japanese Joint Project might get involved. There is apparently a plan to build a dedicated cooled muon beam there at an early stage, which they claim would make possible an experiment at the 10 −18 level. Note that one can talk about such amazing sensitivity for this process because it has an excellent signature that does not require a coincidence and so is robust against high rates.
Supersymmetric contributions
Supersymmetric contributions to these processes dominantly arise when flavor violating contributions to the slepton mass matrix are present. The sizes of these flavor-violating elements of the slepton mass matrix are arbitrary in the MSSM. Particular models of supersymmetry breaking and mediation can in some cases predict the size of slepton-flavor violation. Some examples include supersymmetric unified theories (e.g., see [99] ), and also exponentially suppressed contributions from sequestering [100, 101, 102] . The contributions to µ → eγ are particularly interesting, due to the strong resemblance between the operators giving rise to muon g − 2 and those giving µ → eγ [45, 53] . This correspondence is best revealed diagrammatically. In particular, there is a precise correspondence between the diagrams that contribute to µ → eγ (and τ → µγ) with those that contribute to the muon anomalous magnetic moment [45] . This is illustrated for one class of diagrams involving charginos and sneutrinos in Fig. 5 . Other than emitting an electron instead of a muon, the contribution has the same form except for the essential addition of a sneutrino flavor-mixing mass insertion and a propagator for the electron sneutrino. Using just this process, is it easy to see that the amplitudes for g − 2 and µ → eγ are related by (18) in the mass-insertion approximation, assuming for this example mν e > mν µ , mχ± . Here, m 2 eµ is the off-diagonal element in the sneutrino (mass) 2 matrix. One can systematically go through all classes of one-loop diagrams and all possible sparticle-mass hierarchies to find [45] 
] is the largest mass in the loop. So, if the deviation in the muon g − 2 measured at the BNL experiment is interpreted as supersymmetry, we obtain strong modelindependent bounds on the sfermion mass mixing,
(The bounds on the "left-left" and "right-right" slepton masses are essentially the same, using the approach of [45] .) The bound on the second-third generation mass mixing is much weaker due to the weaker limit on the decay BR(τ → µγ) < 1.1×10 −6 [103] . These results are largely insensitive to any supersymmetric parameters. Indeed, for some mass ranges the bounds can be as much as an order of magnitude better than quoted above. The only assumption is that there are no accidental cancellations resulting from summing over diagrams, and even then the expectation is that the bounds are only mildly relaxed.
Finally, there are exciting prospects for directly observing slepton-flavor physics at a linear collider [104] . Even with a limited number of slepton states, the observation (or non-observation) of slepton-flavor violation is expected to provide important clues to the underlying supersymmetry breaking structure. The reason that observable sflavor violation at a LC is possible is easy to understand. In many proposals to solve the SUSY-flavor problem, a high degree of degeneracy among sleptons (and squarks) is predicted. As a result, there is the potential for substantial mixing of flavor eigenstates. This can lead to substantial and observable sflavor violation. To be readily observable, it is necessary that the mass splittings between the states not be too much smaller than the decay widths, and that the mixing angles not be terribly small. In the case when the off-diagonal mass terms are comparable or larger than the widths, dramatic collider signatures are possible (see, e.g., Ref. [105, 106, 107] ).
B Physics
Rare decays and CP violating asymmetries provide another interesting hunting ground for SUSYmediated processes. In the B system many rare decays involve b → s(d) transitions, which are flavor-changing neutral-current (FCNC) processes that are forbidden in SM at tree level but occur at loop level. The one-loop processes involve gluonic, electromagnetic or weak penguin diagrams as well as box diagrams. Though suppressed in SM they are relatively large because of the CKM structure and the top-quark dominating the loop. However, SUSY processes may become competitive and interfere with those in SM. Depending on the sign of the interference term enhanced or depleted branching fractions are obtained. Due to the presence of new weak phases SUSY processes may affect CP asymmetries as well. While CP asymmetries of rare decays to flavor eigenstates are typically small in SM (≤ 1%) enhancements up to 20% are possible in SUSY models. For CP asymmetries of B decays to CP eigenstates, which are quite sizable in SM, SUSY processes either may enhance or deplete the effect. Other interesting penguin modes are B 0 s and B 0 d decays into two charged leptons, which are highly suppressed in SM and, therefore, bear a high sensitivity for New Physics. To establish a coherent picture of B decays and uncover SUSY contributions it is important to perform several high-precision measurements of rare-decay branching fractions and CP asymmetries.
CLEO was the first experiment to observe and study FCNC B decays [108] . However, the CLEO data sample is limited to 9.1 fb [6, 109] . Thus, high-statistics B samples should be available in the future. In the following we summarize expectations regarding radiative penguin decays [6] , CP violation in B decays [109] and B decays into two charged leptons. Whenever possible, the extrapolations are based on present measurements.
Radiative Penguin Decays
Radiative penguin decays involve electroweak penguin loops or box diagrams. The largest decay is B → X s γ, which is dominated by the magnetic-dipole operator O 7 . The SM decay rate contains the squares of the CKM matrix elements | V ts | and the Wilson coefficient C 7 . The latter accounts for all perturbative QCD contributions. Due to operator mixing an effective Wilson coefficient results. The non-perturbative contributions are absorbed into the hadronic matrix element of the magnetic dipole operator. Because of large model uncertainties one avoids the calculation of the hadronic matrix element by using the approximation that the ratio of decay rates of b → sγ and b → ceν at the parton level is equal to that at the meson level (quark-hadron duality). SUSY processes yield additional contributions C [111]. The present theoretical uncertainty of ∼ 10% is dominated by the mass ratio of the c-quark and b-quark and the choice of the scale parameter µ b . In an updated analysis using the full sample of 9.1 fb
−0.10 (th) ) × 10 −4 [112] , where the errors represent statistical, systematic, and theoretical uncertainties, respectively. Because of the large errors this is consistent with the SM NLO prediction. Note that the signal region is dominated by continuum (75%) and BB (12%) backgrounds which have to be subtracted. The present relative statistical error is 13.4%. Assuming that measurements improve with luminosity as 1/ √ L the relative statistical error σ B /B will be reduced to 4% (1.3%) for luminosities of 100 fb −1 (1 ab −1 ). In a super B factory one would expect σ B /B = 0.4% for 10 ab −1 . The present relative systematic error is 8.4%. It is expected that with increased statistics the systematic error can be reduced substantially by using appropriate data selections and by improving measurements of the tracking efficiency, photon energy, photon efficiency and B counting. For 10 ab , have been calculated using the minimal supergravity model (SUGRA) [113] . Many solutions have been generated by varying the input parameters within the ranges 0 < m 0 < 500 GeV, 50 < m 1/2 < 250 GeV, −3 < A 0 /m 0 < 3 and 2 < tan β < 50, where a common scalar mass m 0 for squarks and sleptons, a common gaugino mass m 1/2 and a common trilinear scalar coupling A 0 is assumed in SUGRA. As usual the ratio of vacuum expectation values of the neutral components of the two Higgs doublets is parameterized by tan β. The top-quark mass was kept fixed at m t = 175 GeV. Only solutions were retained that were not in violation with SLC/LEP constraints and Tevatron direct sparticle production limits. For these the ratios
were determined. The results are depicted in Figure 6 [114] . The solid bands show the regions allowed by the CLEO measurement. It is interesting to note that many solutions are already in conflict with the data. However, due to the theoretical uncertainties it will be difficult to uncover SUSY contributions at high luminosities, if the central value remains closely to the present result.
The exclusive decay rate for B → K * γ involves the hadronic matrix element of the magnetic dipole operator, which in general is expressed in terms of three q 2 -dependent form factors T i (q 2 ). For on-shell photons T 3 vanishes and T 2 is related to T 1 . For the determination of the form factors various techniques are used, introducing additional theoretical uncertainties. Recently, two NLO calculations were carried out, predicting SM branching fractions of B(B → K * γ) = (7.1
−5 [115] and B(B → K * γ) = (7.9 [116] . The most precise branchingfraction measurements of the exclusive decays B 0 → K * 0 γ and B + → K * + γ have been achieved by BABAR. Utilizing kinematic constraints in the B rest frame provides a substantial reduction of qq-continuum background here. In a sample of 20.7 fb [117] . Due to the large theoretical errors of 35 − 40% the BABAR measurement is still consistent with the NLO SM predictions. Note that the combined statistical and systematic error is already more than a factor of three smaller than the theoretical uncertainty. The precision expected for increased luminosities will be comparable to that in the inclusive mode. Thus, it will be difficult to use the exclusive modes for SUSY discoveries, unless the theoretical errors are considerably reduced or SUSY effects are gigantic. In hadron colliders B → K * 0 γ is also measurable. CDF expects to achieve a 7.6% statistical error per 2 fb −1 , while BTEV [118] [120, 121, 122] . The theoretical uncertainties are about 16%. These modes have not been observed so far. The lowest branching-fraction upper limits @90% from CLEO are about an order of magnitude above the SM predictions [123] . Using SM predictions and efficiencies determined by CLEO an observation of the X s e + e − and X s µ + µ − modes is expected in a sample of 100 fb −1 with statistical errors around ∼ 17% and ∼ 19%, respectively. This will be improved to ∼ 5.3% (∼ 1.7%) and ∼ 6% (∼ 1.9%) in samples of 1 ab −1 (10 ab −1 ), respectively. Unless the SUSY contributions lead to significant enhancements the theory errors need to be reduced at the same time precise measurements are obtained in order to increase the sensitivity for observing New Physics.
Branching fractions of the exclusive modes are further suppressed. Using SM predictions from two recent models and their uncertainties yield the following ranges of branching fractions: [124, 125] . SUSY processes could enhance these branching fractions considerably. As an example Figure 7 depicts the dilepton-mass-squared spectrum for B → K * µ + µ − calculated in SM, SUGRA models and minimal-insertion-approach SUSY models (MIA) [125] . Shown are both the pure penguin contribution and the sum of the penguin process and the long-distance effects, displaying constructive interference below the charmonium resonances and destructive interference above. The different models are characterized in terms of ratios of Wilson coefficients
for i = 7, 9, 10. The SM prediction is the lowest but bears large uncertainties.
Except for an unconfirmed signal in [117] lie less than a factor of two above the SM predictions. In a sample of 100 fb −1 we expect first observation of these modes. The statistical errors expected at high luminosities for B → K * 0 + − are about a factor of two higher than those for the corresponding inclusive modes. Experiments at the Tevatron and LHC will be competitive in the
The lepton forward-backward asymmetry A f b (s) as a function of s = m 2 is an observable that is very sensitive to SUSY contributions. It reveals characteristic shapes in the SM both for inclusive and exclusive final states. To avoid complications from the charmonium resonances one restricts the range s to masses below the J/ψ, which accounts for ∼ 40% of the entire spectrum. The modes bearing the smallest theoretical uncertainties are the B → X s νν decays, since long distance effects are absent and QCD corrections are small. Here, only weak penguin and box diagrams contribute. However, experimentally both inclusive and exclusive modes are difficult to observe due to the two neutrinos. To reduce backgrounds fromcontinuum and other B decays at least a partial reconstruction of the other B is necessary. Since branching fractions are slightly lower than those in the corresponding B → X s µ + µ − channels [124, 127, 128, 129] 
CP Violation
CP violation can arise from different effects. We focus here on (i) CP violation resulting from the interference between decays with and without mixing, which occurs when decay rates of a B 0 and B 0 into a CP eigenstate or into CP -conjugate states differ, and on (ii) CP violation in decay, resulting when the magnitudes of the amplitudes for a decay and for the CP -conjugate decay are different. In SM, the only weak phase besides the mixing phase is the phase of the CKM matrix. In SUSYmediated processes new phases arise as well as new contributions to B 0B0 mixing. Experimentally, CP violation is present when an asymmetry between a process and its CP conjugate is observed. At the Υ (4S) the two B mesons are produced in opposite CP eigenstates. For such systems timeintegrated CP asymmetries of B 0 andB 0 mesons decaying into a CP eigenstate or into CP -conjugate states vanish. To observe an effect, one needs to measure the CP asymmetry as a function of the time difference ∆t between the two B decays. Measurements of such time-dependent CP asymmetries provide a determination of the angles α, β and γ in the Unitarity Triangle [130] . For measurements of γ also other methods exist. The focus here is on measurements accessible in neutral and charged B decays.
The time-dependent CP asymmetry for a B decay into a CP eigenstate, f CP , is defined by
where
, and λ = η f q pĀ A .
The [131] . BELLE confirmed the presence of CP violation measuring sin 2β = 0.99 ± 0.14 (stat) ± 0.06 (sys) [132] . The present world average of sin 2β = 0.79 ± 0.1 is consistent with a value of β obtained from measurements of the three sides of the Unitarity Triangle. However, presently the errors are rather large, mainly because of large theoretical uncertainties in the extraction of CKM parameters from measurements of semileptonic branching fractions, ε k (parameterizing CP violation in K 0K0 mixing), and ∆m , that accounts for new contributions to B 0B0 mixing, and a new weak phase θ d that represents new sources of CP violation [134, 135, 136] . Finally, with the measurement of γ one can test for closure of the Unitarity Triangle: α + β + γ = π [136] .
In order to carry out these tests and to uncover SUSY contributions in CP asymmetries highprecision measurements are important. The present statistical uncertainty of sin 2β in BABAR is 0.14 for 29.7 fb −1 . The precision is expected to improve as 1/ √ L. Assuming that the reconstruction efficiency and tagging performance remain unchanged extrapolations to 100 fb −1 and 1 ab −1 yield statistical errors of σ sin 2β = 0.076 and σ sin 2β = 0.024, respectively. Since BELLE should achieve similar precisions, the error in the world average of sin 2β is reduced by another factor of √ 2. Contributions of the systematic error consists of tagging uncertainties, vertexing resolution, B life-time precision and background treatment. With increased statistics, the individual systematic errors will be reduced, so that the total systematic uncertainty should remain of the order of the statistical error. For an annual luminosity of 10 ab −1 at a super B factory the statistical error will be reduced to σ sin 2β = 0.0076. This should be compared with expectations at the LHC. Based on Monte Carlo simulations the statistical precision of sin 2β measured in CP asymmetries of B → J/ψK 0 s is estimated to be σ sin 2β (ψK s ) = 0.017 for ATLAS, σ sin 2β (ψK s ) = 0.015 for CMS and σ sin 2β (ψK s ) = 0.021 for LHCb for one year of LHC running [119] . In a sample of 2f b −1 at the Tevatron [118] precisions expected for sin 2β are σ sin 2β (ψK s ) = 0.05 for CDF, σ sin 2β (ψK s ) = 0.04 for D0, and σ sin 2β (ψK s ) = 0.025 for BTEV. In the next 5-10 years, when the high luminosities will be achieved, the measurements of the sides of the Unitarity Triangle will also improve. Particularly, the theoretical uncertainties associated with the side measurements are expected to improve by a factor of 2-4 [109] .
For a comparison of sin 2β measurements in different quark processes precisions expected for b → sss and b → ccd processes are not sufficient in present asymmetric B factories. In a sample of 22 fb −1 BABAR observes 11 B → φK 0 S events [137, 138] . Using the results of the BABAR sin 2β measurement and the observed φK To extract α from S ππ one needs to measure the penguin phase δ P . This is achieved by exploiting isospin relations among the amplitudes of B → ππ andB → ππ decays [139] . In the absence of electroweak-penguin amplitudes the isospin relations form two triangles (one for B and one for B decays) with a common amplitude base A( [141, 142, 143] . Here, the combination of CKM angles 2β + γ is measured, which results from an interference between the decay b → cūd and the B 0B0 -mixed processb →ūcd, where the latter depends on the angle γ. BABAR recently studied the D * + π − mode [109] , which has a large branching fraction and can be partially reconstructed with low backgrounds but yields a small CP asymmetry. The main disadvantage of this technique is the necessity of measuring the ratio r of the doubly CKM-suppressed decayb →ūcd to the allowed decay b → cūd. Extrapolating the BABAR study yields statistical-error estimates of σ sin(2β+γ) (D * π) ∼ 0.3 for 100 fb . The probability that r is not measured due to statistical fluctuations is 30%, 10% and 3%, respectively. For comparison, LHCb expects to achieve a statistical error of σ sin(2β+γ) = 0.26 per year of LHC running. CP asymmetries of rare decays into flavor eigenstates are also rather suited to search for SUSYmediated processes. For example in B → X s γ decays CP asymmetries are expected to be small in SM (≤ 1%) [144] but they may be enhanced up to 20% in SUSY models [145] . So far all observed CP asymmetries are consistent with zero. In the inclusive B → X s γ mode CLEO measured A CP (B → X s γ) = (−0.079 ± 0.108 ± 0.022) × (1.0 ± 0.03) [146] , where the first error is statistical while the second and third errors represent additive and multiplicative systematic uncertainties, respectively. Though the CP asymmetry has been corrected for contributions from B → X d , a separation of these events from B → X s γ events may become necessary on an event-by-event basis to rule out that the CP asymmetry in B → X s γ is canceled by that in B → X d γ. 
B Decays into Two Charged Leptons
Another interesting probe of supersymmetry is the decay
, with the uncertainty (±25%) dominated by the decay constant f B s . The current experimental bound on the branching ratio, (B), has been set during Run-I of the Tevatron, where CDF [147] determined B(B s → µ + µ − ) < 2.6 × 10 −6 at 90% C.L. In addition to the experimental challenge, the almost three orders of magnitude gap between the current experimental bound and the SM prediction makes this mode an excellent laboratory for new physics. In contrast to observables which enter the unitarity triangle [148] , in the MSSM, the branching ratio B(B s → µ + µ − ) grows like tan 6 β [149, 150, 151, 152, 153] , with a possible several orders of magnitude enhancement. More interestingly, it has been very recently shown [154] that in the mSUGRA scenario there is a strong correlation with the muon anomalous magnetic moment (g − 2) µ . An interpretation of the recently measured excess in (g − 2) µ in terms of mSUGRA corrections implies a substantial supersymmetric enhancement of the branching ratio 
which would most likely be measured before the Higgs boson is discovered.
Direct Dark Matter Searches
Neutralinos in supersymmetry are well-motivated candidates to provide much or all of the non-baryonic dark matter. In many models, the neutralino is the LSP and is effectively stable. In general, the lightest neutralino is a mixture of the superpartners of Higgs and electroweak gauge bosons. Remarkably, detailed calculations of the thermal relic density of neutralinos have shown that neutralinos may indeed account for most of the missing mass of the universe.
Typically, there can be several different cosmologically preferred regions in parameter space. For example, in minimal supergravity, there are four: a 'bulk' region at relatively low m 0 and m 1/2 , a 'focus-point' region [157, 158, 159] at relatively large m 0 , a co-annihilation 'tail' extending out to relatively large m 1/2 [160, 161, 162] , and a possible 'funnel' between the focus-point and coannihilation regions due to rapid annihilation via direct-channel Higgs boson poles [163, 164] . A set of benchmark supersymmetric model parameter choices was proposed [165] just prior to Snowmass 2001, with points representing each of those regions. In this and the next section, we shall use this set of benchmarks to illustrate our discussion of the various signals of supersymmetric dark matter [166] .
Neutralinos are very weakly interacting and they pass through collider detectors without leaving a trace. Therefore, it is practically impossible to observe them in collider experiments directly. Existing bounds on neutralinos must rely on model-dependent correlations between their properties and those of other supersymmetric particles. However, if neutralinos make up a significant portion of the halo dark matter, many additional avenues for their detection open up. They may deposit energy as they scatter off nuclei in terrestrial, usually sub-terrestrial, detectors.
Searches for this signal in low background detectors have been underway for around 20 years. The first decade was dominated by conventional HPGe (and Si) semiconductor detectors. The design of these detectors was to some extent "off-the-shelf" and progress was achieved, for the most part, by improving the radioactive backgrounds around the detectors. In the mid-90's results from NaI scintillator detectors became competitive. They were able to employ pulse shape discrimination to make statistical distinctions between populations of electron recoil events, and nuclear recoil events. In principle, the intrinsic background of the detector and environment were no longer the limiting factors, since with sufficient exposure time and target mass the limits could be driven down. However, the relatively poor quality of the NaI discrimination meant that systematic effects rapidly dominate, halting any further improvement with exposure. The NaI detector technology could also be described as off-the-shelf, however, the low background and high light yield housing systems were very definitely novel. At the end of 90's we finally saw results, from new cryogenic (<1 K) detector technology that had been developed specifically for direct detection, take the lead in terms of sensitivity.
Current sensitivities are now at a WIMP-nucleon normalized cross-section of 4 × 10 −6 pb, which for a Ge target with a detection threshold of 10 keVr is an integrated event rate of 1.0 kg −1 d −1 . In this discussion keVr will be used to indicate actual recoil energy of an event, whereas keVee (electron equivalent), will be used to indicate the visible energy of a nuclear recoil event based on a energy scale for electron recoil events. For example, in NaI scintillator, an iodine nuclear recoil of 22 keVr, generates the same light output as a 2 keVee electron event. To first approximation the differential recoil spectrum for WIMP nucleon events has a characteristic, but far from unique, exponential decay shape. This text is not the right place to discuss the details of what determines the spectrum, or the details of the cross-section normalization. See instead [167, 168] .
We should touch on the DAMA experiment, which has reported a 4σ observation of annual modulation in the count rate of events in their lowest energy bins (2-6 keVee, which corresponds to 22-66 keVr for nuclear recoil events scattering on iodine) over a time spanning 4 years [169, 170] . The modulation has a phase (maximum in June) and a period (1 year) which would be consistent with the fluctuations in the observation arising from a contribution from a WIMP recoil spectrum which will be modulated by changes in the Earth's velocity in the galaxy. (Baseline model assumes an isothermal, non-co-rotating WIMP population.) It is enormously important that this signal be studied and the source clearly determined. The DAMA experiment will check its own results with two new years of data already available for analysis [171] , and further data from running for the seventh year just beginning. It could be argued that a substantial overhaul in the data taking strategy should occur before further data taking, since the significance of the modulation effect is really systematics, rather than statistics limited, at this stage. The importance of a "beam-off" component of the data taking cannot be emphasized enough to establish the long term stability of data in the lowest energy bins when looking for few % fluctuation. While one cannot turn the WIMP wind off to order, a revised acquisition strategy that included direct calibration of the stability of the acceptance of the 2-3, 3-4, 4-5 keVee bins (in which all of the WIMP signal is expected) would help demonstrate that the modulation signal is not an artifact. Multiple scattering events should be stored, rather than vetoed since they could provide a non-WIMP calibration in real time. Additionally, on-line light pulses, or daily gamma calibrations, could be used to demonstrate the stability of the count rate in the bins if even higher statistics are required. The DAMA Collaboration is now constructing LIBRA, which will be a larger 250 kg array which by virtue of employing lower background NaI should be able to make a more sensitive check of the annual modulation signal. Using a different experimental setup will also help address the systematics question, although its operation at the same location, by the same collaboration doesn't allow all possible systematics to be checked. To this end the Boulby DM Collaboration may be able to carry through on the intention of running around 50 kg of NaI to cross-check the results directly with the same target material. Results from this Boulby program are unlikely to be available before 2004, however.
The currently reported results from the CDMS I [172] and EDELWEISS [173] experiments can be viewed as being inconsistent with the size of the annual modulation signal seen in DAMA. This is most readily seen by converting the published modulation amplitude of DAMA, into a cross-section on nucleon (1.4 × 10 −5 pb), assuming scalar WIMP nucleon couplings, and then for comparison with CDMS I, to an estimated number of WIMP events (40) that would be observed in the 10.6 kg-live days exposure of Ge. This experiment saw 13 single scatter nuclear recoil events in Ge during this period which is clearly inconsistent with 40. In fact, the observation of an additional 4 multiple scattering nuclear recoil events during the same run, can be attributed unambiguously to neutrons. This permits a modest reduction of the (90% CL) upper limit in CDMS I single scatter nuclear recoil data to 8 WIMP events. On this basis, CDMS I and DAMA are inconsistent at 99.98%. The Edelweiss experiment has a similar WIMP sensitivity using detectors that are like the ones used in CDMS I. The data reported to date is for a smaller exposure of only 3 kg-days, however, it appears free of neutrons above a 25 keV analysis threshold due to the much deeper site location. Further data from longer exposure is eagerly awaited.
A number of avenues exist for reducing this incompatibility between the current results of the nuclear recoil discriminating Ge detectors and DAMA NaI annual modulation. Firstly, the DAMA collaboration reports an allowed region that combines not just the positive signal from the annual modulation amplitude, but also negative results/upper limits from other NaI derived data. This has the effect of reducing the headline expectation for the WIMP cross section by approximately a factor 3. This makes the disagreement between the experiments not statistically significant, but does beg the question whether the various DAMA experimental results themselves are mutually compatible. Alternative routes for explaining the apparently contradictory results have looked at the nature of WIMPs themselves. Comparison of Na, I and Ge recoil rates requires the assumption of a model. As has been said before the primary analysis of the experimental data is developed assuming scalar, or spin independent interactions. The interaction rates of the spin independent process often dominates because of the enhancement by the coherent scattering across multiple nucleons. However, in the absence of spin independent couplings, the relative spin dependent couplings will be stronger for an NaI target, in which both elements are monoisotopic with odd proton spin, compared to Ge, which has only 1 odd neutron spin isotope, with an 8% abundance in the natural element. Existing indirect WIMP detection experiments, are able to (partially) test the spin dependent hypothesis, ruling out some, but not all possible solutions (see next section). Another entertaining model is to suggest that the WIMPs themselves inelastically scatter from nuclei (i.e. WIMPs require internal transition to scatter, between low energy non-degenerate states.) Tuning of the excitation energy can ensure that a heavier nuclei (such as I) may be able to scatter WIMPs at a significantly enhanced rate relative to Ge [174] .
If we now look forward at some of the predicted goals of a few experiments over the next decade, it is immediately apparent that the forecast rate of progress appears to be rapidly accelerating when compared to historical progress. The question is whether this is simply a "triumph of hope over expectation", or represents a genuinely improved rate of progress that stems from applying detector technologies (2-phase Xe, semiconductor and scintillator cryogenic detectors, naked HPGe) that were "birthed" with this specific application in mind. We believe that the optimism is justified. At present, there are a number of experiments under construction (or that will be shortly) that will test for WIMP interactions in the range 1.0 kg
The CDMS II, EDELWEISS II and CRESST II which all employ low energy threshold (< 10 keV), nuclear recoil discriminating, cryogenic detectors will be deploying ≈ 10 kg of target.
There is also significant interest in liquid Xe for WIMP detection. In principle, Xe is well placed, having a photon yield similar to that of NaI, while potentially being capable of creating a radioactively cleaner target (especially if 85Kr is removed during isotopic enrichment stage). Nuclear recoil versus gamma discrimination is also possible, either by pulse shape analysis, which gives a relatively weak separation, and using a simulatneous measurement of the photon and electronion charge yield in Xe which is a much stronger method of discrimination. The Rome group [169] achieved early operation of Xe deep underground. A new program has been started by a Japanese group in Kamioka [175] . There is a major effort on Xe by the Boulby DM Collaboration [176] which is constructing a series of liquid Xe experiments at Boulby mine in the UK. ZEPLIN I, now running at Boulby, is based on pulse shape discrimination. ZEPLIN II makes use of simultaneous collection of scintillation and charge to achieve factors of 10-100 improved sensitivity, and ZEPLIN III incorporates a high E-yield in the liquid to enhance the recoil signal. A new US group, XENON, has also recently been proposed, centered at Columbia that would also use high field operation of two phase liquid-gas Xe. [185] or CRESST [186] A prototype 1 m 3 low pressure gas (CS2) detector, DRIFT, has also just started low background operation at Boulby [177] .
The GENIUS [178, 179] and MAJORANA experiments have proposed to improve limits in WIMP searches by significant reduction in radioactive background levels, and exploitation of active Ge self-shielding. Nuclear recoil discrimination is not available for low energy events in conventional HP Ge detectors. It is worth noting that if these experiments can reduce low energy backgrounds by a factor 3000 from current levels (as projected by GENIUS for the complete 14 m liquid nitrogen shield) the limiting background becomes events from electron scattering of pp solar neutrino flux.
In order to move beyond a sensitivity level of 2 × 10 −9 pb targets of 100-1000 kg (equivalent Ge) with very good nuclear recoil discrimination (rejecting >99.99% of electron events) will be necessary. A limiting sensitivity for realistic detector arrays, based on existing cryogenic detectors (such as CryoArray [180]), or liquid Xe (such as ZEPLIN-MAX [181] will be at an event level of 1 event per 100 kg per 1 year which is equivalent to a WIMP-nucleon cross-section of 10 −10 pb. Fig. 10 shows the spin-independent cross-section for neutralino-proton scattering for the benchmark points of [165], using two different codes: Neutdriver [168] and SSARD [182] . (Experiments sensitive to spin-dependent scattering have inferior reach [166] .) One finds reasonable agreement, with the largest differences arising for points D and K, where the cross-section is abnormally small due to cancellations [183, 184] . For any given tan β, the cancellations occur only for a specific limited range in the neutralino mass. Unfortunately, points D and K fall exactly into this category. Fig. 10 also shows the projected sensitivities for a number of experiments listed in the figure caption. It should be emphasized that the CDMS II experimental reach, based on a modest target mass of 5 kg of Ge, will test a significant subset of SUSY models, and comes close to testing 4 of the benchmarks I, B, E and L. These could be reached by the larger (100 kg)/lower background GENIUS detector. Benchmarks G, F, C, A and J can be reached by 1 tonne discriminating detectors, such as CryoArray, or ZEPLIN-MAX, discussed above. Some of the benchmarks within reach of the direct detection experiements will not be reached by accelerators in this decade, illustrating the complementary nature of direct detection results.
Indirect Dark Matter Searches
Indirect dark matter signals arise from enhanced pair annihilation rates of dark matter particles trapped in the gravitational wells at the centers of astrophysical bodies. The different signals can [197] , NESTOR [198] , and ANTARES [199] , and Φ µ = 1 km −2 yr −1 for IceCube [200] ) are also indicated. (From Ref. [3] .)
be classified according to the nature of the emitted particles. While most of the neutralino annihilation products are quickly absorbed, neutrinos may propagate for long distances and be detected near the Earth's surface through their charged-current conversion to muons. High-energy muons produced by neutrinos from the centers of the Sun and Earth are, therefore, prominent signals for indirect dark matter detection [189, 190, 191, 192, 193, 194, 195, 196] .
Muon fluxes for each of the benchmark points are given in Fig. 11 , using Neutdriver with a fixed constant local density ρ 0 = 0.3 GeV/cm 3 and neutralino velocity dispersionv = 270 km/s (for further details, see [166] ). For the points considered, rates from the Sun are far more promising than rates from the Earth [166, 195] . For the Sun, muon fluxes are for the most part anticorrelated with neutralino mass, with two strong exceptions: the focus point models (E and F) have anomalously large fluxes. In these cases, the dark matter's Higgsino content, though still small, is significant, leading to annihilations to gauge boson pairs, hard neutrinos, and enhanced detection rates.
The exact reach of neutrino telescopes depends on the salient features of the particular detector, e.g., physical dimensions, muon energy threshold, etc., and the expected characteristics of the signal, e.g., angular dispersion, energy spectrum and source (Sun or Earth). Two sensitivities, which are roughly indicative of the potential of upcoming neutrino telescope experiments, are given in Fig. 11 . For focus point model E, where the neutralino is both light and significantly different from pure Bino-like, detection is possible already in the near future at AMANDA II [197] , NESTOR [198] , and ANTARES [199] . Point F may be within reach of IceCube [200] , as the neutralino's significant Higgsino component compensates for its large mass. For point B, and possibly also points I, G, C, and L, the neutralino is nearly pure Bino, but is sufficiently light that detection at IceCube may also be possible.
As with the centers of the Sun and Earth, the center of the galaxy may attract a significant overabundance of relic dark matter particles [201, 202, 203] . Relic pair annihilation at the galactic center will then produce an excess of photons, which may be observed in gamma ray detectors. While monoenergetic signals from χχ → γγ and χχ → γZ would be spectacular [204] , they are loop-suppressed and rarely observable. Fig. 12 shows the integrated photon flux Φ γ (E th ) in the direction of the galactic center, computed following the procedure of [195] . Estimates for point source flux sensitivities of several gamma ray detectors, both current and planned, are also shown. The space-based detectors EGRET, AMS/γ and GLAST can detect soft photons, but are limited in flux sensitivity by their small effective areas. Ground-based telescopes, such as MAGIC, HESS, CANGAROO and VERITAS, are much larger and so sensitive to lower fluxes, but are limited by higher energy thresholds. These sensitivities are not strictly valid for observations of the galactic center. Nevertheless, they provide rough guidelines for what sensitivities may be expected in coming years. For a discussion of these estimates, their derivation, and references to the original literature, see [195] . Fig. 12 suggests that space-based detectors offer good prospects for detecting a photon signal, while ground-based telescopes have a relatively limited reach. GLAST appears to be particularly promising, with points I and L giving observable signals. One should keep in mind that all predicted fluxes scale linearly withJ, and for a different halo profiles may be enhanced or suppressed by up to two orders of magnitude. Such an enhancement may lead to detectable signals in GLAST for almost all points, and at MAGIC for the majority of benchmark points.
Relic neutralino annihilations in the galactic halo may also be detected through positron excesses in space-based and balloon experiments [205, 206, 207, 208] . Ref.
[166] also estimated the observability of a positron excess, following the procedure advocated in [195] . For each benchmark spectrum, one first finds the positron energy E opt at which the positron signal to background ratio S/B is maximized, and then requires S/B at E opt to be within reach of the experiment. The sensitivities of a variety of experiments have been estimated in [195] . Among these experiments, the most promising is AMS [209] , the anti-matter detector to be placed on the International Space Station. AMS will detect unprecedented numbers of positrons in a wide energy range. We estimate that a 1% excess in an fairly narrow energy bin, as is characteristic of the neutralino signal, will be statistically significant. Unfortunately, all benchmark points yield positron signals below the AMS sensitivity [166] . Similar rather pessimistic conclusions were derived in [210, 211] . Of course, one should be aware that as with the photon signal, positron rates are sensitive to the halo model assumed; for clumpy halos [212] , the rate may be again enhanced by orders of magnitude [208] .
Other possible indirect dark matter signals are antiprotons [193, 213, 214] and antideuterium [215] , but those were not pursued during Snowmass 2001. Fig. 13 shows a compilation of many pre-LHC experiments in astrophysics, as well as particle physics at both the energy frontier and lower energies. The signals considered, the projected sensitivities, and the experiments likely to achieve them, are discussed in [4]. On the particle physics side, the signals considered were supersymmetry searches at LEP [216] and the Tevatron [217, 218, 219, 220, 221] , the improved measurement of the B → X s γ branching ratio at B-factories, as well as the projected final sensitivity of the Brookhaven g µ − 2 experiment. On the astrophysics side, the figure shows the projected reach of the upcoming direct dark matter detection experiments, as well as the multitude of other experiments to detect indirect neutrino, photon or positron signals from neutralino annihilations, as discussed earlier.
Discussion and Conclusions
Several striking features emerge from Fig. 13 . First, we see that, within the minimal supergravity framework, nearly all of the cosmologically preferred models will be probed by at least one experiment 2 . In the most natural regions, all models in which neutralinos form a significant fraction of dark matter will yield some signal before the LHC begins operation.
Also noteworthy is the complementarity of traditional particle physics searches and indirect dark matter searches. Collider searches require, of course, light superpartners. High precision probes at low energy also require light superpartners, as the virtual effects of superpartners quickly decouple as they become heavy. Thus, the LEP and Tevatron reaches are confined to the lower left-hand corner, as are, to a lesser extent, the searches for deviations in B → X s γ and a µ . These bounds, and all others of this type, are easily satisfied in the focus point models with large m 0 , and indeed this is one of the virtues of these models. However, in the focus point models, all of the indirect searches are maximally sensitive, as the dark matter contains a significant Higgsino component. Direct dark matter probes share features with both traditional and indirect searches, and have sensitivity in both regions. It is only by combining all of these experiments, that the preferred region may be completely explored.
Finally, these results have implications for future colliders. In the cosmologically preferred regions of parameter space with 0.1 < Ω χ h 2 < 0.3, all models with charginos or sleptons lighter than 300 GeV will produce observable signals in at least one experiment. This is evident for tan β = 10 in Fig. 13 . In Fig. 14, we vary tan β, fixing M 1/2 to 400 GeV, which roughly corresponds to 300 GeV charginos. We see that the preferred region is probed for any choice of tan β. (For extremely low tan β and m 0 , there appears to be a region that is not probed. However, this is excluded by current Higgs mass limits for A 0 = 0. These limits might be evaded if A 0 is also tuned to some extreme value, but in this case, top squark searches in Run II of the Tevatron [222] will provide an additional constraint.)
These results imply that if any superpartners are to be within reach of a 500 GeV lepton collider, some hint of supersymmetry must be seen before the LHC begins collecting data. This conclusion is independent of naturalness considerations. While our quantitative analysis is confined to minimal supergravity, we expect this result to be valid more generally. For moderate values of tan β, if the dark matter is made up of neutralinos, they must either be light, Bino-like, or a gaugino-Higgsino mixture. If they are light, charginos will be discovered. If they are Bino-like, light sfermions are required to mediate their annihilation, and there will be anomalies in low energy precision measurements. And if they are a gaugino-Higgsino mixture, at least one indirect dark matter search will see a signal. For large tan β, low energy probes become much more effective and again there is sensitivity to all superpartner spectra with light superpartners. Thus it appears, on qualitative grounds, that all models in which the scalar masses are not widely separated, and the charginos are not extravagantly heavy, will be accessible prior to LHC operation.
The most sensitive tests for SUSY contributions in B decays before the start of the LHC will come from sin 2β measurements in charmonium modes and CP -asymmetry measurements of B → X s γ and B → K * γ by BABAR and BELLE. For the latter studies the large SM theoretical uncertainties present in the branching-fraction measurements that make an extraction of SUSY contributions difficult are absent. In the LHC era improved measurements on sin 2β and the CP asymmetry in K * 0 γ will be carried out. In addition, measurements of branching-fractions and lepton forwardbackward asymmetries of B → s + − modes will provide very sensitive tests for uncovering SUSY effects. While hadron-collider experiments will focus on K ( * ) µ + µ − modes, asymmetric Bfactory experiments will study B → X s + − and B → K ( * ) + − decays. At a super B factory the precision can be significantly improved in these modes. While the first studies of α will be performed by BABAR and BELLE, precise measurements will come from from BTEV and LHCb. In particular, the hadron-collider experiments produce high statistics B s samples, which allow for precise measurements of γ. Additional precise measurements of γ at the Υ (4S) can only come from a super B factory. By this time a considerable reduction of the theoretical uncertainties in the extraction of |V ub /V cb |, |V td | and |V ts | from data is also expected, allowing to perform a sensitive model-independent analysis for extracting a new weak phase and new contributions to B 0B0 mixing. In order to observe the modes B → X s νν, B → K + νν, or B → K * 0 νν, which bear the least theoretical uncertainties of radiative penguin decays, and study their properties a super B factory is a prerequisite. So, for at least the next ten years a vivacious B physics program ensures many high-precision measurements of CP asymmetries and radiative penguin decay properties that are suitable for extracting SUSY contributions.
